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SOME EECENT STUDIES ON FOSSIL AMPHIBIA 

Dr. ROY L. MOODIE 
Department of Anatomy, University op Illinois, Chicago 

The anatomy and relationships of the earliest air- 
breathing vertebrates have interested students of fossil 
animals so greatly since Georg Jaeger described the first 
Labyrinthodont in 1828, that the result to-day is a biblio- 
graphic list of over 600 titles, varying in importance from 
the magnificent work of Fritsch ("Fauna der Gaskohle") 
issued in four folio volumes with scores of lithographic 
plates, to short notices of a few lines. Many of the mem- 
oirs are handsomely illustrated and beautifully printed. 
The material so far described has been extremely frag- 
mentary and the greater number of the contributions is- 
sued have been dedicated to the description of species 
based on incomplete material. The fauna was exceed- 
ingly diverse like the plesiosaurs of a later period, and 
new discoveries tend to confuse rather than to unify our 
ideas of amphibian morphology. The few papers re- 
viewed below form no exception to the statement made 
above. Many new and important s facts are brought forth 
in the contributions made during the past few months and 
these are well worthy of consideration. Attention in 
these reviews will be paid especially to new facts of struc- 
tural importance. 

Broili (1) in a short paper has added to our knowledge 
of the Permian fauna of Texas by the description of two 
new species of Amphibia based on incomplete skulls. 
One of the species is very small, the skull measuring 
scarcely half an inch in length. The same writer (2) in a 
more extensive paper has given a popular review of the 
chief work done during the past ten years on the early air- 
breathing vertebrates and has listed the important papers 
from which he has used illustrations to elucidate his re- 
marks. This paper should be consulted by any one who 
wishes a convenient and accurate survey of the earliest 
land vertebrates. Doctor Broili refers to Micrerpeton, 
the first branchiosaur known from the western hemi- 
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sphere, as a microsaur. The distinction between these 
two groups is clear, the former undoubtedly being ances- 
tral to the modern Caudata and the latter having reptilian 
affinities. Likewise the author refers to Lysoropfous 1 
as a reptile, while the majority of paleontologists regard 
the form as Amphibian ; Williston 1 even going so far as 
to locate it in the suborder Ichthyoidea of the Caudata. 
In conclusion Doctor Broili says : 

Im iibrigen haben wir im Laufe der letzten 10 Jahre liber die altesten 
Tetrapoden so viel neues und wiehtiges kennen gelernt, wie wohl in 
relativ keinem anderen Zweige der Wirbeltierpalaontologie. . . . 

Broom (3) has given the results of his studies on Per- 
mian vertebrates in the American Museum. His reason 
for again describing and studying this much described 
and much studied material is that structural characters 
are difficult to determine in these forms on account of the 
very closely adherent matrix which has in many cases ob- 
scured all sutures in the skull. His discussion is accom- 
panied by restorations of the skulls of the chief Permian 
genera, indicating most of the sutures, something which 
Cope was unable to do. He discusses some elements in 
the mandible not previously observed among Amphibia 
and suggests homologies between them and elements of 
the reptilian mandible. Unfortunately, Broom has paid 
no attention to the occurrence of lateral line canals on the 
skulls of these forms. It is highly important that this 
system of sense organs be distinctly understood. In view 
of Herrick's studies 2 on this structure in the catfish it is 
certain that this system of sensory organs has a distinct 
influence on the location of the peripheral osseous ele- 
ments of the skull and mandible. I do not recall that 
Herrick's result have been noted by any paleontologist, 
but they should be taken into consideration. Broom says 
in regard to Eryops, the large Permian stegocephalian : 
. . . Every detail of the cranial structure can be clearly made out. 
He criticizes Huene's (1913 b) work on the brain-case, 
however, and makes no statement concerning the lateral 

i Biol. Bull., Vol. XV, No. 5, p. 229, 1908. 
2 Joum. Comp. Neurol, Vol. 11, p. 224, 1901. 
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line organs which were imperfectly studied some years 
ago 8 by the reviewer; so it is yet too soon to say that 
every detail of structure is known. The palate is very 
completely known and is figured by Broom. He has fig- 
ured also very imperfectly, but for the first time, sections 
through the ear and brain-case showing" the probable size 
of the dural cavity. He says that the portion of the par- 
occipital which lodges the labyrinth was cartilaginous, but 
does not give his reasons for this statement. In view of 
the almost perfect preservation of the semicircular canals 
in fishes, cotylosaurs and pterodactyls we should expect 
a favorably preserved specimen of an amphibian to show 
this structure also. He describes a pit in the basisphe- 
noid for the reception of the hypophysis. He also figures 
for the first time the complete osteology of the mandible 
of Eryops. The author likewise describes and briefly 
figures two new species of stegocephalians. The same 
author (4) has given considerable attention to the study 
of the osteology of the mandible in Trimeorohachis , the 
discussion being very similar to that given in the above 
paper. The discussion has especially in view the problem 
of the derivation of the Amphibia from the Crossopte- 
rygia, and he figures the mandible, shoulder girdle and 
pectoral fin of Sanripteris taylori on account : 
... of (the) extreme interest from having' the pectoral fin more closely 
resembling the tetrapod limb than in any other known form. 

Case (5) reviewed before the American Paleontological 
Society the recent trend of studies on the air-breathing 
vertebrates of the Paleozoic. He states there are two 
general conclusions which have been reached by students 
of these early vertebrates. First, Baur initiated the idea 
of the crossopterygian ancestry of the Amphibia, and 
later workers have so far confirmed his suggestion as to 
make it extremely probably that the land vertebrates arose 
from these fishes. The intermediate stages are unknown. 
The second conclusion is 

that the primitive reptiles — the Cotylosauria — were derived directly 
from the Stegocephalia. . . . 

So we are thus in possession of partial proof at least of 

s Journ, Morphol., 1908, Vol. XIX, p. 511. 
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the origin of reptiles from fishes through the Amphibia, 
We owe to Doctor Fraas of Stuttgart many important 
contributions to the knowledge of the early air-breathing 
vertebrates and he has recently (6) issued another memoir 
on the labyrinthodonts of the Trias, the first study of 
these animals since the appearance of his large memoir in 
1889. 4 The present contribution is devoted to discussions 
of new species and new facts concerning previously de- 
scribed species. The Plagiosternum granulosum is found 
to be the most peculiar labyrinthodont yet described, in 
that it is extremely frog-like in appearance, especially in 
the huge size of the orbits and the expanded occiput. It 
is interesting, furthermore, in the apparent absence or 
indistinct preservation of the lateral line canals. The 
photograph (Plate XVI, Fig. 1) of the dorsum shows 
portions of the supra- and infraorbital canals. The re- 
mainder of the cephalic system of sense organs was prob- 
ably contained in pits, which, in the fossilized skull, are 
not to be distinguished from the ornamental scrobicula- 
tions of the membrane bones of the face. The auditory 
meatus is on the posterior edge of the skull and is quite 
large for the size of the skull. Doctor Fraas has given in 
a drawing (Plate XVI, Fig. 3) the complete osteology of 
the occiput of this "unusual labyrinthodont. The re- 
mainder of the memoir is devoted to a discussion of new 
or disputed points in the osteology of various genera and 
species of Triassic labyrinthodonts. 

Gregory (7) has reviewed the studies which have thrown 
light on the crossopterygian ancestry of the Amphibia, 
dealing especially with "Watson's (11) recent paper on the 
Larger Coal Measures Amphibia, and giving a list of thir- 
teen contributions which deal directly with this derivation 
of the Amphibia. 

Huene (8) has again described the mandible of the pe- 
culiar Permian genus Diplocaulus although it has been 
many times studied, described and figured. He states, in 
his introductory paragraph : 

Gattungen, wie Diceratosaurus, Eoserpeton, Stegops, Amphibamus, 
vieleieht audi Tuditanus zeigen Verwandtsehaft mit Diploeanlns. 

4"Paleontographica," Bel. XXXVI. 
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Just what the basis of this relationship is he does not 
state. The reviewer 5 has previously stated that these 
above-mentioned microsaurian genera exhibit no struc- 
tural features which would ally them, except remotely, 
with Diplocaulus. This Permian genus has no relatives 
among the Coal Measures Microsauria, the reasons for 
this statement being given in the above-mentioned essay 5 
and need not be repeated here. The material on which 
von Huene bases his paper was collected in Baylor County, 
Texas, and formed a part of a collection purchased by 
Doctor von Huene from Charles Sternberg at Lawrence, 
Kansas. The same writer (9) has again studied the Per- 
mian Lysorophus, which is regarded by Williston as 
closely akin to the salamanders. 6 Huene bases his dis- 
cussion on twenty-four skulls in the collection of the Uni- 
versity of Tubingen. He describes and figures some mi- 
nute limb bones, thus partially confirming Miss Finney's 
results. 7 He agrees with Williston that Lysorophus is 
related to the Urodeles though suggesting : 

Mit den Temnospondylia hat der permische Urodele Lysorophus 
noch grossere Ahnlichkeit als die jetzigen Urodelen. Sie liegen in der 
Sehadelbasis und der grosseren Anzahl der hinteren Schadeldeckknoehen. 

The same author (10) gives the results of his studies of 
Permian vertebrates at the American Museum. The 
paper is illustrated by sketches of various skulls and parts 
of skulls made by the author and showing his interpreta- 
tion of the elements composing the cranium of American 
Permian amphibians and reptiles. He describes and fig- 
ures a stapes in a skull of Eryops and gives the results 
of his study of the brain-case of this genus. The stapes 
has a length of 4 cm. and in shape is not unlike a human 
clavicle. His studies of Lysorophus, Gymnarthrus , Di- 
plocaulus and other genera confirm the results ' of pre- 
vious students of these forms. He concludes his paper 
with a discussion of morphological results, and appends 
a bibliography of twenty papers. 

s Journ. Morphol, Vol. 23, p. 31, 1912. 

GBiol. Bull., XV, 1908, p. 229. 

t Journ. Morpliol., 23, p. 664, 1912. 
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"Watson (11) lias restudied the skulls of some of the 
European Carboniferous labyrinthodonts, Loxomma, Pter- 
oplax, and Anthracosaurus , and compared them with the 
Coal Measures fish, MegalicMhys. His results have 
already been reviewed by Gregory (7), so that it will only 
be necessary here to say that these genera approach the 
crossopterygian type of structure in various features. 
The same author (12) has redescribed an interesting mi- 
crosaur in which he is able to give a very complete account 
of the structure of the dorsal and ventral surfaces of the 
skull and pectoral girdle. He compares the newly recon- 
structed microsaurian with Diplocaulus and Ceraterpeton. 
It is very important that these little-known species from 
Europe be restudied and redescribed, so that former ob- 
servations may be corrected, corroborated and extended. 
The status of 

The classification of the smaller stegocephalian Amphibia, so abun- 
dant in the Coal Measures and Permian Bocks of Europe and North 
America, is in such confusion, to which some recent work has added, 
that it is at present only possible to proceed by reference to individual 
specimens which have been well described. 

The reviewer finds himself in hearty accord with these 
statements, although he must plead guilty of having 
thrown some confusion into the classification of these ani- 
mals in the hope that thereby order might ensue. 

Doctor Williston (14) has determined the complete os- 
teology of the mandible in the early reptiles and amphib- 
ians, working especially with the material from the Per- 
mian of America. He says : 

In the structure of the mandible the amphibians are remarkably in- 
termediate between the early reptiles and the contemporary cross- 
opterygian fishes, differing- from the latter chiefly in the reduced num- 
ber of coronoids, and from the former chiefly in the possession of two 
additional coronoids and a splenial. 

These results are corroborated by the studies of Doctor 
Broom on similar material, so that any doubts as to the 
real structure of the stegocephalian mandible are placed 
at rest by the results arrived at by these separate investi- 
gations. 
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The mandible of the primitive amphibians differs chiefly from that 
of the early reptiles in the division of the eoronoid into three elements, 
or possibly four, and in the division of the splenial into two. 

Wiman (15) within the past three years has become 
much interested in the amphibian fauna of the Trias of 
Spitzbergen. In the present paper he reviews the work 
which has been done on the structures of the occiput of 
seven genera of Permian and Triassic stegocephalians, 
figuring the anatomy of this region of a new laby- 
rinthodont from Spitzbergen. He describes this new 
genus in a later contribution. In this latter paper (16) 
Wiman discusses the occurrence of amphibian remains in 
the deposits of Spitzbergen, accompanying his remarks 
by photographs of the bone-bearing horizons. His paper 
deals largely with new forms from Spitzbergen, which are 
illustrated in four text figures and nine photographic 
plates. One is at once struck, in the examination of 
Wiman 's plates, by the clearness of preservation of the 
cephalic lateral line canals. The author refers to these 
structures as " Schleimkanale " and gives a very careful 
description of their occurrence ; the only writer of recent 
date who has done so. The term Lyroceplialus euri is 
proposed for the new genus and species. 

Der Gattung'sname bezieht sich auf die ausserordentlich kraftig 
entwiekelten Schleimkanale des Ivopfes. . . . 

He refers to the various canals as ••Tremalkanale," "Na- 
sof rontalkanale, " "Temporalkanal" and "Maxillarka- 
nal," but makes no attempt to homologize them on the ba- 
sis of the work of Allis s (1889) and the reviewer* 5 (1908). 
The lateral line canals are so unusually well preserved in 
Lyroceplialus that it is thought worth while to give an 
outline figure in another place of their occurrence and to 
homologize them on the basis of previous work. The 
columella auris is described and figured (Plate II, Figs. 
4-5) in this species. It is unusually large. Other new 
forms are described from these interesting deposits, many 
of the specimens showing much of interest in a structural 
way. The material described is chiefly cranial, although 
a few thoracic plates (interclavicles), of the typical laby- 

s Joum. Morplwl, II, 1889, p. 463 ; 1908, p. 511. 
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rintliodont form, are described and figured. Doctor Wi- 
man is to be congratulated on his contributions to our 
knowledge of these early vertebrates. His future papers 
will be looked for with much interest. 
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